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PPlaque psoriasis is a chronic, immune-
mediated, multifactorial skin disease that is 
characterized by dysregulated keratinocyte 
proliferation, manifesting on the skin as 
erythematous, scaly plaques. Psoriasis is 
associated with other serious comorbidities, 
work limitations, productivity loss, and 
elevated healthcare costs of over $35 billion 
annually.1 The continued negative impact on 
quality of life, as well as signi� cant � nancial 
burden, necessitates the need for e� ective 
long-term management of the disease. While 
e� ective biologic medications are available, 
studies suggest that oral administration 
is statistically signi� cantly preferred to 
subcutaneous or intravenous routes by 
both physicians and patients.2 Commonly 
used oral therapies for psoriasis, including 
methotrexate, cyclosporine, and acitretin, 
have generally unfavorable safety pro� les, 
presenting increased risk for signi� cant 
short- and long-term adverse e� ects (AEs), 
such as hepatotoxicity, nephrotoxicity, 
dyslipidemia, hypertension, malignancy, 
and teratogenicity.3 Therefore, classes 
of new oral therapies for psoriasis are in 
development or in investigative stages. In 
this article, we review the safety and e�  cacy 
of existing and emerging oral therapies for 
psoriasis that target in� ammatory pathways 
via modulation of phosphodiesterase 4 
(PDE4), Janus kinases (JAKs), A3 adenosine 
receptors, rho-associated kinase 2 (ROCK2), 

and sphingosine1-phosphate (S1P) (Table 1). 
Novel oral therapies might be bene� cial to 
patients with moderate to severe psoriasis, 
preference for oral route therapies, and 
history of failed conventional treatment 
options.

CURRENT APPROVED TREATMENT
Apremilast. Apremilast inhibits PDE4 

thereby preventing PDE4-mediated 
degradation of cyclic adenosine 
monophosphate, a secondary messenger 
that impedes anti-in� ammatory processes.4

Apremilast is approved for treatment of 
psoriatic arthritis and moderate to severe 
plaque psoriasis. In the STYLE study, 
apremilast showed e�  cacy in patients with 
moderate to severe plaque psoriasis.5 In the 
Phase III study, 303 patients with severe 
plaque psoriasis of the scalp (scalp surface 
area ≥ 20%) were randomized to receive 
placebo (n=102) or apremilast 30 mg twice 
daily (BID) (n=201). At Week 16, signi� cantly 
more apremilast-treated patients achieved 
scalp Physician Global Assessment (ScPGA) 
response (score of “clear” or “almost clear”), 
with at least a 2-point reduction from 
baseline, 43.3 percent [95% CI, 36.2–50.5], 
compared to 13.7% [95% CI, 6.6–20.8] 
in placebo (p<0.0001). The proportion of 
patients achieving ScPGA response was higher 
in the apremilast group as early as Week 2 
(p<0.05). Additionally, larger mean decreases 
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TABLE 1. Summary of Novel Oral Therapies for Psoriasis

DRUG MECHANISM OF ACTION CURRENT STATUS ADVERSE EVENTS EFFICACY OUTCOMES

Apremilast PDE4 inhibition
Approved for plaque 
psoriasis

Gastrointestinal symptoms, headache, weight loss, 
A1c decrease, and risk of depression, changes in 
mood, and suicidal thoughts.5,6,7

Greater proportion of patients achieving ScPGA response and 
larger mean decreases in DLQI compared to placebo by Week 16.5

Tofacitinib 
AK1/JAK3 
inhibition 

Phase III trials 
complete

Nasopharyngeal and upper respiratory tract 
infections, cellulitis, pneumonia, urinary tract 
infection, herpes zoster, elevated lipid levels, and 
increased risk of cytopenias, thromboembolism, and 
malignancies, including lymphoma and lung, and 
breast cancers.3,15,19,20

PASI 75 at Week 12 non-inferior to etanercept15

Median time to PASI 75 is shorter compared to etanercept15

NAPSI100 achieved in 10% and 18% of patients on tofacitinib 
5mg and 10mg BID, respectively, at Week 16 and increased to 
16% and 29% by Week 52.17

Deucravacitinib 
(BMS-986165)

TYK2 inhibition
Phase III trials 
underway

Nasopharyngitis, acne, headache, upper respiratory 
tract infection, and gastrointestinal symptoms.30

Greater proportion of patients achieving PASI 75 compared to 
placebo by Week 12. Normal or near-normal DLQI was achieved 
only in the groups receiving 3mg BID or higher doses.30

Greater proportion of 6- and 12-mg QD treated patients 
achieving ACR20 and PASI75 at Week 16, compared to placebo.31

Greater proportions of patients of 6-mg QD treated patients 
achieving PASI 75 and the PGA response at Week 16, compared to 
placebo.33 Superior to apremilast.33

Baricitinib JAK1/JAK2 inhibitor
Phase II trial 
complete

Lymphopenia, neutropenia, anemia, elevated blood 
creatine phosphokinase and lipoprotein levels.34

Greater proportion of treated patients achieving PASI 75 
compared to placebo by Week 12; e�  cacy is dose-dependent.34

Itacitinib 
(INCB039110)

JAK1 inhibition
Phase II trial 
complete

Nasopharyngitis36 Greater proportion of patients achieving PASI 75 and sPGA 
compared to placebo by Day 28.36

Brepocitinib (PF-
06700841) 

TYK2/JAK1 inhibition
Phase II trials 
complete

Headache, psoriasis, upper respiratory tract infection, 
nausea, fatigue, increased serum creatinine, and 
decreased neutrophil count.38,39

Greater proportion of patients achieving PASI 75, PASI 90 
and the PGA response in all treatment groups compared to 
placebo.26 Clinical trials demonstrated a dose-dependent trend 
for e�  cacy.38

PF-06826647 TYK2 inhibition
Phase II trial 
complete

Currently under investigation.41 Larger mean decreases in PASI from baseline compared to 
placebo at Day 28.42

Filgotinib JAK1 inhibition
Phase III trials (for 
psoriatic arthritis) 
underway

Nasopharyngitis and headache43

Signi� cant improvement in pruritus numeric rating scale and 
greater proportion of patients achieving PASI 75 compared to 
placebo by Week 16.43

Upadacitinib JAK1 inhibition
Phase III trials (for 
psoriatic arthritis) 
underway

Nasopharyngitis, headache, upper respiratory tract 
infection, and other infections.47

Greater proportion of patients achieving ACR 20, PASI 75, and 
minimal disease activity compared to placebo by Week 12, 16, 
and 24, respectively.46

Abrocitinib (PF-
04965842)

JAK1 inhibition

Phase III trial 
terminated due to 
business-related 
reasons

Low neutrophil, reticulocyte and platelet counts in 
higher dose treatment groups.48

Greater proportion of patients achieving PASI 75 and higher 
mean decreases of PASI from baseline compared to placebo by 
Week 4.48

Piclidenoson 
(CF101) 

De-regulation of Wnt and 
nuclear factor kappa-B 
signal transduction 
pathways via adenosine A3 
receptor.

Phase II/III trial 
complete

Pruritus, skin rash, and psoriasis exacerbation.51 Non-inferior to apremilast.50

Belumosudil 
(KD025) 

ROCK2 inhibition
Phase II trials 
complete

Well tolerated52

Lower proportion of patients achieve PASI 75 by Week 12, 
compared to other oral treatments, therefore KD025 appears to 
be less robust. Signi� cantly decreases IL-17 and IL-23 levels and 
T cell in� ltration.52

Ponesimod S1PR1 inhibition
Phase II trials 
complete

Heightened liver enzyme concentrations, dyspnea, 
and dizziness.53 Heart rate reduction and changes 
in AV node conduction were found to be minimized 
with gradual dose titration.54

Greater proportion of patients achieving PASI 75 compared to 
placebo by Week 16.53

PDE4: Phosphodiesterase 4, JAK1: Janus kinase 1, JAK2: Janus kinase 2, JAK3: Janus kinase 3, sPGA: static Physician Global Assessment, TYK2: Tyrosine kinase 2, ROCK2: rho-associated kinase 2, 
S1PR1: sphingosine 1-phosphate receptor 1, ScPGA: Scalp Physician Global Assessment, DLQI: Dermatology Life Quality Index, PASI 75: 75% reduction in Psoriasis Area and Severity Index, PASI 90: 
90% reduction in Psoriasis Area and Severity Index, NAPSI100: 100% reduction from baseline in Nail Psoriasis Severity Index, A1c: glycated hemoglobin.
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in Dermatology Life Quality Index (DLQI) were 
observed in apremilast-treated patients by 
Week 16, compared to placebo, -6.7 [95% 
CI, -7.5 – -5.9] vs. -3.8 [95% CI, -4.9 – -2.7] 
(p<0.0001), respectively.5

Common AEs reported in the study were 
diarrhea, nausea, headache, and vomiting, 
experienced by 30.5 percent, 21.5 percent, 
12.0 percent, 5.5 percent of apremilast-
treated patients compared to 10.8 percent, 
5.9 percent, 4.9 percent, 2.0 percent of 
placebo-treated patients, respectively. 
Overall, 11 patients in the apremilast group 
and 3 patients in the placebo group had at 
least one AE leading to drug withdrawal.5

However, dose titration during the � rst 
week of treatment can help minimize the 
gastrointestinal symptoms, which generally 
resolve within one month.6 Apremilast 
may also cause weight loss in patients 
with psoriasis and psoriatic arthritis.7 In an 
analysis of Phase III ESTEEM and PALACE 
trials, the e� ect of apremilast on metabolic 
parameters, such as weight and glycated 
hemoglobin (A1c) concentrations, was 
assessed in 2,242 patients receiving placebo 
or apremilast 30mg BID. Mean weight change 
in apremilast-treated patients (n=1329) was 
-1.32 percent by Week 16, compared to 0.11 
percent of placebo-treated patients (n=913). 
Decreases in weight were also observed in 
apremilast-treated patients undergoing 
concomitant insulin treatment. The mean 
weight change in this patient group was -1.83 
percent At Week 16, the highest decreases in 
A1c occurred in apremilast-treated patients 
who met the American Diabetes Association 
(ADA) A1c criterion for diabetes (A1c≥6.5%) 
at baseline, with a mean change of -0.31.7

Additionally, it is important to screen patients 
for the signs of depression, as apremilast is 
associated with increased risk of depression, 
changes in mood, and suicidal thoughts.6

Overall drug survival was analyzed in a 
retrospective multicenter study of patients 
with moderate to severe plaque psoriasis or 
palmoplantar psoriasis. The study found the 
drug survival rate to be 54.9 percent at 12 
months and a mean survival time to be 52 
weeks, ranging from 2 to 147 weeks.8 Similar 
survival rate of 53.4 percent at 12 months was 
reported in studies by Papadavid et al9 and 
Kishimoto et al10 The main reasons for drug 
discontinuation were loss of e� ectiveness 

(23.9-46.4%), AEs (15.9-26.9%), patients’ 
choice (12.5%) and symptom relief (5.4%).8,9

A � ve year cost-e� ectiveness and budget 
impact analysis compared two alternative 
treatment sequences, one with and one 
without pre-biologic apremilast use in 
patients with moderate-to-severe plaque 
psoriasis. Over the � ve-year period, the 
costs of the treatment sequence including 
apremilast was €57,965, compared to 
€59,134 for biologics. In the analysis of the 
total impact on the Italian National Health 
Services budget, pre-biologic apremilast use 
showed total savings of €16 million within 
three years. The savings were mainly related 
to reduction in pharmaceutical spending, 
hospital admissions, and drug administration 
costs.11 Lower total healthcare costs 
associated with apremilast initiation were 
also seen in retrospective claims analyses of 
biologic-naïve psoriasis patients.12,13

THERAPEUTIC TARGETING OF JANUS 
KINASE-SIGNAL TRANSDUCERS AND 
ACTIVATORS OF TRANSCRIPTION 
(JAK-STAT) PATHWAY

The JAK-STAT pathway is a key cytokine 
signaling mechanism contributing to 
in� ammation in many autoimmune diseases, 
which makes this pathway an important 
drug target. Currently, the United States 
Food and Drug Administration (FDA) 
has approved therapeutic use of JAK-
STAT inhibitors for rheumatoid arthritis, 

psoriatic arthritis, and ulcerative colitis. 
The pathway is used by multiple cytokines 
highly expressed in psoriasis, including 
interleukin (IL)-2, IL-12, IL-19, IL-20, IL-22, 
IL-23, and interferon-α, -β, and -γ.3,14 Due 
to the critical role of the JAK-STAT pathway 
in the disease pathogenesis, multiple novel 
JAK-STAT inhibitors are currently under 
clinical investigation for their e� ectiveness in 
treating psoriasis (Figure 1).

Tofacitinib. Tofacitinib is a JAK1/JAK3 
inhibitor that is FDA approved for the 
treatment of rheumatoid arthritis, psoriatic 
arthritis and ulcerative colitis.15,16 Tofacitinib’s 
evident e�  cacy makes it an attractive 
candidate for psoriasis treatment. In a dose-
ranging, non-inferiority, Phase III trial, the 
proportion of patients with a� ected body 
surface area (BSA) equal to or greater than 
10 percent, achieving a 75-percent reduction 
of psoriasis area and severity index (PASI 
75) at Week 12 in the 10-mg tofacitinib BID 
group (63.6%) was non-inferior to the 50-mg 
etanercept twice weekly (TW) group (58.8%) 
and superior to placebo (5.6%), (p<0.0001 
vs. placebo). Observations also indicate that 
the median time to PASI 75 was generally 
shorter in patients treated with tofacitinib 
10mg BID than with etanercept or tofacitinib 
5mg BID, suggesting a quicker response 
time.15 A post-hoc analysis of the Phase III OPT 
Pivotal 1 and OPT Pivotal 2 studies evaluated 
the e�  cacy of tofacitinib in patients with 
nail psoriasis using the Nail Psoriasis Severity 

FIGURE 1. Schematic representation of mechanism of action of JAK inhibitors.
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Index (NAPSI).17 Signi� cant improvements 
were noticed in patients treated with 
tofacitinib 5mg and tofacitinib 10 mg BID 
compared to placebo at Week 16 and through 
Week 28 and maintained up to Week 52. 
NAPSI100, which signi� es complete clearance 
of nail psoriasis, was achieved in 10 percent 
and 18 percent of patients on tofacitinib 5mg 
and 10mg BID, respectively, at Week 16 and 
increased to 16 percent and 29 percent by 
Week 52.17

To further investigate the e�  cacy of 
tofacitinib, Bissonnette at al18 compared 
outcomes following tofacitinib withdrawal 
with outcomes of continuation. Following 
a 16-week treatment withdrawal period, 
signi� cantly greater proportion of patients 
continuing 5- and 10-mg tofacitinib BID, 
56.2 percent and 62.3 percent, respectively, 
maintained a PASI 75 response compared 
to those who were switched to placebo 
5mg and 10mg, 23.3 percent (P=0.008) 
and 26.1 percent (P<0.0001), respectively. 
Correspondingly, by 16 weeks, 92.3 percent 
and 93.0 percent of patients on continued 
tofacitinib 5- and 10-mg BID had not 
relapsed, compared to 32.8 percent and 
42.9 percent for those who were switched to 
placebo 5 and 10mg, respectively. Patients 
who were switched to placebo demonstrated 
a median time to loss of a PASI 75 response of 
eight weeks and median time to relapse of 16 
weeks.18

Although e�  cacious, tofacitinib has 
been associated with several AEs. The most 
common AEs in the aforementioned trial 
were nasopharyngeal and upper respiratory 
tract infections.15 A systematic review of 
seven randomized control trials assessing 
the e�  cacy and safety of tofacitinib in 
3,743 patients with chronic plaque psoriasis 
concluded a higher incidence of AEs in 
tofacitinib-treated patients compared to 
placebo-treated patients.16 Overall, 54.8 
percent of patients treated with tofacitinib 
5mg experienced AEs, compared to 50.2 
percent with placebo (p<0.04). Similarly, 
59.5 percent of patients treated with 
tofacitinib 10mg experienced AEs, compared 
to 49.3 percent with placebo (p<0.0001).16

More serious infections associated with 
tofacitinib use are cellulitis, pneumonia, 
urinary tract infection, and herpes zoster 
(HZ).3,19,20 Winthrop et al19 reviewed data 

from Phase II, III and open-label long-term 
extension (LTE) study of tofacitinib in patients  
with psoriasis (5,204 patient years) to assess 
HZ risk. HZ incidence rate (per 100 patient 
years) in tofacitinib-treated patients was 
2.55 (95% CI, 2.13–3.03), compared to zero 
in placebo and 2.68 (95% CI, 0.32–9.68) in 
etanercept. Risk factors for HZ in patients 
with psoriasis included Asian descent, prior 
biologic use, and older age.19

The e� ect of tofacitinib on lipid levels and 
lipid-related parameters was investigated in 
patients with psoriasis from the OPT Pivotal 
1 Phase III study.21 Data from this study 
suggests that tofacitinib results in small 
increases in total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), and 
high-density lipoprotein cholesterol (HDL-C) 
levels, with the ratio of TC/HDL-C remaining 
unchanged. However, the e� ects of tofacitinib 
on various lipid-related parameters do not 
indicate an increased cardiovascular disease 
risk.21

Tofacitinib also increases risk of cytopenias, 
thromboembolism, and malignancies, 
including lymphoma and lung and breast 
cancers.3 In an open-label LTE study, the 
safety pro� le of tofacitinib was further 
analyzed in 2,867 patients with moderate 
to severe plaque psoriasis.22 Patients were 
treated with either 5 or 10mg tofacitinib BID. 
Overall, 82.5 percent of patients experienced 
AEs, 13.7 percent of patients experienced 
serious adverse events (SAEs), 13.9 percent 
of patients discontinued treatment due to 
AEs and nine patient deaths were related 
to the study treatment. Incidence rates (per 
100 patient years) of AEs of special interest 
were 1.16 (95% CI, 0.93–1.44), 2.51 (95% 
CI, 2.15–2.91), 0.58 (95% CI, 0.42–0.78) 
for serious infections, HZ and opportunistic 
infections, respectively. Incidence rates 
for major adverse cardiac events and 
malignancies were 0.26 (95% CI, 0.16–0.41) 
and 0.67 (95% CI, 0.50–0.88), respectively.22

However, a pooled analysis across six clinical 
trials by Strober et al20 concluded bene� t-risk 
pro� le of tofacitinib to be comparable to 
other systemic psoriasis therapies.

The economic impact of tofacitinib 
incorporation in treatment sequences for 
patients with active psoriatic arthritis 
demonstrated cost-e� ectiveness. Including 
tofacitinib in the treatment of patients 

with inadequate response to conventional 
disease-modifying antirheumatic drugs or 
TNF inhibitors was estimated to save up to 
$8,454,858 over two years based on one 
million insurants.23

Deucravacitinib. Deucravacitinib is a 
highly potent and selective TYK2 inhibitor.24

Notably, TYK2 has been identi� ed as a new 
locus for psoriasis.25 Deactivation of TYK2 
coding variants was shown to protect from 
psoriasis and other immune mediated 
disorders.26 Unlike other inhibitors of closely 
related JAK proteins which bind to the active 
site of the kinase domain, deucravacitinib 
allosterically binds to the regulatory domain 
of TYK2, inhibiting pathways in the IL-23/
Th17 axis that are central to psoriasis 
pathogenesis.27–29 Deucravacitinib displayed 
high selectivity for the TYK2 pseudokinase 
JH2 domain, stabilizing it in a conformational 
state and blocking both TYK2 receptor-
mediated activation and downstream 
signaling.29 This high selectivity is a unique 
feature that may enable deucravacitinib to 
deliver maximum e�  cacy while avoiding 
potential side e� ects of less selective JAK1-3 
inhibitors.27–29

In a Phase II trial, the e�  cacy and safety 
of variable deucravacitinib dosing regimens 
(3mg every other day (QOD), 3mg QD, 3mg 
BID, 6mg BID, or 12mg QD) were assessed in 
267 patients with moderate to severe plaque 
psoriasis (BSA ≥ 10%).30 By Week 12, a 
signi� cantly greater proportion of patients in 
the 3-mg QD (39%), 3-mg BID (69%), 6-mg 
BID (67%), and 12-mg QD (75%) groups 
achieved at least PASI 75 compared to the 
placebo group (7%) (p<0.001). The di� erence 
between the 3-mg QOD (9%) and placebo 
(7%) groups lacked statistical signi� cance 
(p=0.49). Notably, achievement of normal 
or near-normal DLQI, was only seen in the 
groups receiving 3mg BID or higher doses.30

Following these results, deucravacitinib was 
further studied in patients with psoriatic 
arthritis. Interim data from a Phase II 
trial evaluating the safety and e�  cacy 
of deucravacitinib in patients with active 
psoriatic arthritis showed a signi� cantly 
greater proportion of 6- and 12-mg 
deucravacitinib QD-treated patients achieved 
ACR20 and PASI75 at Week 16, compared 
to placebo.31 Furthermore, emerging Phase 
III data from the POETYK PSO-1 trial shows 
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signi� cantly greater proportions of patients in 
the 6-mg deucravacitinib QD group achieving 
PASI 75 and the sPGA score of clear or almost 
clear at Week 16, compared to placebo.32, 33

Superiority to apremilast was also observed.33

AEs were observed in 51 percent of 
patients in the placebo group, and in 55 to 80 
percent of patients in deucravacitinib-treated 
groups.30 The highest incidence of AEs was 
reported in the 6-mg BID group, occurring 
in 80 percent of patients. The most common 
AE in this group was nasopharyngitis, which 
occurred in 16 percent of patients, compared 
to 4 percent of placebo-treated patients. Acne 
developed in nine percent of patients taking 
12mg of deucravacitinib but not in placebo 
patients (0%). Other common AEs included 
headache, diarrhea, nausea, and upper 
respiratory tract infection.30

Baricitinib. Baricitinib, an oral JAK1/
JAK2 inhibitor, demonstrated e�  cacy in 
treating patients with moderate to severe 
psoriasis.34 A dose-ranging, Phase IIb study 
of 271 patients (BSA ≥ 12%) compared 
four baricitinib doses (2, 4, 8, 10mg QD) 
and placebo treatment, demonstrating 
e�  cacy at higher doses.34, 35 At Week 12, 43.8 
percent of 8-mg and 55.1 percent of 10-mg 
baricitinib-treated patients achieved PASI 75, 
compared to 17.6 percent of placebo-treated 
patients (p<0.05 and p<0.001, respectively). 
Similarly, a signi� cantly higher proportion 
of patients in the 8- and 10-mg baricitinib 
dose groups achieved PASI 90. Of the patients 
who achieved PASI 75 by Week 12, over 81 
percent maintained PASI 75 through Week 24. 
Whereas, of the patients who did not achieve 
PASI 75 by Week 12, 48 percent achieved 
PASI 75 at Week 24 after receiving additional 
baricitinib treatment through Weeks 13 to 
24. Safety data concluded dose-dependent 
occurrence of treatment-emergent adverse 
events (TEAEs), with incidences in 44.1 
percent, 50.0 percent, 47.2 percent 57.8 
percent and 63.8 percent of the placebo, 
2-, 4-, 8- and 10-mg baricitinib groups, 
respectively. The most common TEAEs were 
infestations and infections, occurring in 26.5 
percent and 21.1 percent of placebo-treated 
and baricitinib-treated patients, respectively. 
Blood and lymphatic system disorders, such 
as lymphopenia, neutropenia, and anemia, 
were also noted at higher baricitinib doses 
(0%, 0%, 1.4%, 6.3% and 8.7 percent in 

the placebo, 2-, 4-, 8- and 10-mg groups, 
respectively), suggesting potential baricitinib 
dose intolerances in some patients. At Week 
12, baricitinib-treated patients also had a 
9.3-percent incidence of other reported AEs 
relating to laboratory results, most commonly 
elevation in blood creatine phosphokinase 
levels, compared to zero percent in the 
placebo group. Small increases in lipoproteins 
were also observed.34

Itacitinib. Itacitinib is a JAK1 inhibitor 
that is being investigated as an oral therapy 
for psoriasis. A Phase II, dose-escalation 
study demonstrated e�  cacy of itacitinib in 
treating patients with stable, chronic plaque 
psoriasis.36, 37 Overall, 48 patients (BSA ≥ 
5%) were randomized to treatment with 
itacitinib 100, 200, or 600mg QD, 200mg 
BID, or placebo for 28 days.36 By Day 28, 
the proportion of patients achieving PASI 
75 was 0 percent, 11.1 percent, 0 percent, 
22.2 percent, and 27.3 percent in the 
placebo, 100-, 200-mg QD, 200-mg BID and 
600-mg QD itacitinib treatment groups, 
respectively. A statistically signi� cant 
di� erence for achievement of PASI 75 vs. 
placebo was observed in the 600-mg QD 
itacitinib group (p=0.093). Moreover, by 
Day 28, a signi� cantly greater proportion of 
patients achieved the static Physician Global 
Assessment (sPGA) response in the 200-mg 
BID and 600-mg QD groups, compared to 
placebo; 33.3 percent (p=0.063) and 45.5 
percent (p=0.014), respectively, compared 
to 0 percent in the placebo group. The 
most common TEAE was nasopharyngitis, 
which occurred in 18.4 percent of patients 
in itacitinib-treated groups and in 8.3 
percent of patients in the placebo group. 
Itacitinib-treated groups exhibited slight 
decreases in platelets and slight increases 
in lipid parameters, but these � ndings were 
considered clinically insigni� cant. The results 
of this study displayed that itacitinib is 
generally well tolerated.36

Brepocitinib. Brepocitinib is a potent 
TYK2/JAK1 selective inhibitor that is currently 
in development for the treatment of psoriasis. 
A Phase I trial of 30 patients (BSA ≥ 15%) 
compared placebo and brepocitinib 30 or 
100mg QD, demonstrating a dose-dependent 
trend for e�  cacy.38 At Day 28, a greater 
proportion of patients achieved a PGA 
response in the 30-mg (57.1%) and 100-mg 

(100%) brepocitinib QD groups, compared to 
the placebo group (0%). Mean change in PASI 
from baseline was -67.92 percent and -96.31 
percent in the 30- and 100-mg brepocitinib 
QD groups, respectively. During the treatment 
period, 11.1 percent, 64.3 percent, and 85.7 
percent of patients in the placebo, 30-mg, and 
100-mg brepocitinib QD treatment groups, 
respectively, experienced TEAEs. Six patients 
in the 30-mg brepocitinib QD group and one 
patient in the 100-mg brepocitinib QD group 
discontinued treatment due to increased 
serum creatinine level and/or decreased 
neutrophil count. However, all TEAEs were 
mild in severity and there were no SAEs.38

Following these results, the e�  cacy of 
brepocitinib was further validated in a Phase 
II trial.39,40 Overall, 212 patients with plaque 
psoriasis (BSA ≥ 10%) were enrolled in the 
study which included an induction phase 
(placebo, 30, or 60 mg QD until Week 4) and 
maintenance phase (placebo, 10mg QD, 30mg 
QD or 100mg QW until Week 12).39 At Week 
12, the proportion of patients achieving PASI 
75, PASI 90 and the PGA response was greater 
in all treatment groups compared to placebo, 
with statistically signi� cant decreases in 
PASI in the 60- to 30-mg QD treatment 
group (p<0.001), 30-mg QD continuous 
treatment group (p<0.0001), 30- to 10-mg 
QD treatment group, 30-mg QD to 100-mg 
QW treatment group and 60-mg QD to 100-
mg QW treatment group (p<0.05 all others), 
compared to placebo. The greatest change 
from baseline PASI, -17.3 (95% CI, −20.0 
to −14.6), was observed in the 30-mg QD 
continuous treatment group. Correspondingly, 
the proportion of patients achieving PASI 75 
and PASI 90 (86.2% and 51.7%, respectively), 
and the proportion of patients achieving the 
PGA response (83.8%), was also greatest in 
this treatment group. Safety data concluded 
that the risk di� erence for TEAEs between 
the pooled doses and placebo was 15.4 
[95% CI, −5.9–37.8]. TEAEs were considered 
treatment-related in 44 of 189 brepocitinib-
treated patients and 4 of 23 placebo-treated 
patients. In brepocitinib-treated patients, the 
most common TEAEs were headache (3.2%), 
psoriasis (2.1%), upper respiratory tract 
infection (1.6%), nausea (1.6%), and fatigue 
(1.6%).39

PF-06826647. PF-06826647 is a novel 
TYK2 inhibitor that has recently completed 
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Phase II trial to evaluate its safety and e�  cacy 
in patients with moderate to severe plaque 
psoriasis.41 In its � rst in human study, AEs 
and changes in PASI scores were assessed 
in 40 patients with plaque psoriasis (BSA ≥ 
15%).42 Patients were randomized to receive 
placebo, 100mg, or 400mg PF-06826647 QD 
for 28 days. Patients in the 100- and 400-mg 
PF-06826647 QD groups experienced -14.62 
and -24.18 mean changes in PASI from 
baseline, respectively, compared to -11.13 
in the placebo group. TEAEs occurred in 35.7 
percent, 27.3 percent and 33.3 percent of 
patients in the placebo, 100-mg PF-06826647 
QD, and 400-mg PF-06826647 QD groups, 
respectively. No SAEs were observed in the 
trial.42

Filgotinib. Filgotinib, a selective JAK1 
inhibitor, has shown e�  cacy in improving 
the pruritic component of psoriasis and 
decreasing the severity of psoriatic lesions 
and is currently undergoing a Phase III trial, 
which includes PASI response, among other 
outcome measures, to evaluate its e� ect 
on cutaneous manifestation in patients 
with psoriatic arthritis.43,44 In a Phase II 
trial designed to evaluate the e�  cacy and 
safety of � lgotinib (200 mg) in patients 
with psoriatic arthritis, improvements in 
patients’ plaque psoriasis were observed 
and assessed by PASI 75 and the pruritus 
numerical rating scale in 82 patients with 
psoriasis (BSA ≥ 3%). More patients on 
� lgotinib than placebo achieved PASI 75 by 
Week 16 (treatment di� erence 30% [95% 
CI, 10.4-47.0], p=0·0034). Moreover, 58 
percent of � lgotinib-treated patients had 
an improvement in pruritus numeric rating 
scale of at least three points, compared 
to 22 percent of placebo-treated patients 
(p=0.0022). The most common TEAEs were 
nasopharyngitis and headache, which 
occurred at similar rates in the treatment and 
placebo groups. Nasopharyngitis occurred 
in 12 percent of � lgotinib-treated patients 
and 15 percent of placebo-treated patients. 
Whereas headache occurred in � ve percent of 
� lgotinib-treated patients and eight percent 
of placebo-treated patients. The incidence 
of infections was similar between the two 
groups.43

Upadacitinib. Upadacitinib is a selective 
JAK1 inhibitor that has recently met all 
primary and secondary endpoints in a Phase 

III trial designed to evaluate the safety 
and e�  cacy of the medication in 641 adult 
patients with active psoriatic arthritis.45

Patients were randomized to placebo, 
15, or 30 mg upadacitinib QD, followed 
by either 15 or 30 mg upadacitinib QD at 
Week 24.45 At Week 12, 57 percent and 64 
percent of patients treated with 15 and 30 
mg upadacitinib QD, respectively, achieved 
the American College of Rheumatology 
20-percent improvement (ACR 20) response, 
compared to 24 percent in the placebo 
group (p<0.0001). At Week 16, 16 percent, 
52 percent, and 57 percent of the placebo, 
15-, and 30-mg upadacitinib QD groups, 
respectively, achieved PASI 75 (p<0.0001). 
Moreover, at Week 24, three percent, 25 
percent, and 29 percent, of the placebo, 15-, 
and 30-mg upadacitinib groups, respectively, 
achieved minimal disease activity 
(p<0.0001).46 In another study evaluating 
the safety of upadacitinib in patients with 
rheumatoid arthritis, the incidence of 
infection in the 15- and 30-mg upadacitinib-
treated groups (29% and 32%, respectively) 
was higher than in placebo-treated group 
(21%).47 Other frequently reported adverse 
events were nausea, nasopharyngitis, upper 
respiratory tract infection, and headache. A 
higher incidence of serious AEs was reported 
in the 15-mg upadacitinib-treated group 
(4%), compared to the 30-mg upadacitinib-
treated group (3%) and placebo group (2%).47

Abrocitinib. Abrocitinib is a JAK1 inhibitor 
that was evaluated for the treatment of 
patients with plaque psoriasis in a Phase 
II trial.48,49 In this trial, 59 patients with 
moderate-to-severe chronic plaque psoriasis 
were randomized to placebo, 200mg, 400mg 
abrocitinib QD or 200mg abrocitinib BID. 
At Week 4, the mean change from baseline 
(90% CI) in PASI was -6.6 (-10.1 to -3.2), 
-11.7 (-14.9 to -8.6), -13.1 (-16.9 to -9.3) 
and -13.7 (-17.0 to -10.5) in the placebo, 
200mg QD, 400mg QD and 200mg BID 
groups, respectively.48 Correspondingly, 
the proportion of patients achieving PASI 
75 at Week 4 was 17 percent, 17 percent, 
50 percent and 60 percent in the placebo, 
200mg QD, 400mg QD and 200mg BID groups, 
respectively. Notably, abnormal laboratory 
test results of clinical interest, such as low 
neutrophil, reticulocyte, and platelet counts, 
occurred more frequently in the 200mg 

BID group compared to the QD treatment 
groups. However, no serious infections or 
bleeding events related to neutropenia or 
thrombocytopenia were reported.48 This trial 
was later terminated due to business-related 
reasons.49

OTHER POTENTIAL ORAL THERAPIES
Piclidenoson (CF101). Adenosine A3 

receptor is overly expressed in in� ammatory 
cells, playing a role in propagation of 
in� ammatory and autoimmune states. 
Piclidenoson, an adenosine A3 receptor 
agonist, de-regulates Wnt and the nuclear 
factor kappa-B signal transduction pathways, 
therefore inhibiting tumor necrosis factor 
alpha (TNF-α), IL-6 and IL-12.50 In a Phase 
II/III study, the safety and e�  cacy of 
piclidenoson in patients with moderate to 
severe plaque-type psoriasis (BSA ≥ 10%) 
was assessed.50 In segment 1 of this trial, 
103 patients were randomized to placebo, 
1mg piclidenoson BID, or 2mg piclidenoson 
BID for 12 weeks (1-mg BID group was later 
eliminated due to futility). In segment 2, an 
additional 223 patients were randomized 
to receive placebo or piclidenoson 2mg BID 
for 16 weeks, followed by a transition to 
piclidenoson 2 mg BID open-label extension 
period. The primary endpoint of PASI 75 
at Week 12 was not met; only 8.5 percent 
of piclidenoson-treated patients achieved 
PASI 75 compared to 6.9 percent of placebo-
treated patients (p=0.621). At Week 32, the 
proportion of 2-mg piclidenoson-treated 
patients achieving PASI 75 was 35.5 percent 
(p<0.05). Mean percent improvement in 
PASI in piclidenoson-treated patients was 57 
percent, compared to baseline (p<0.001). 
Overall, piclidenoson compared favorably 
to apremilast; 35.3 percent of patients on 
piclidenoson achieved PASI 75 by Week 32, 
compared to 26.3 percent of patients on 
apremilast. The safety pro� le of all tested 
piclidenoson dosage groups was similar to 
that of placebo.50 Another study conducted 
by David et al51 also suggested the relatively 
favourable safety pro� le of piclidenoson.
AEs occurred in 58.3 percent of 1-mg 
piclidenoson-treated patients, 17.6 percent 
of 2-mg piclidenoson-treated patients and 
13.3 percent of 4-mg piclidenoson-treated 
patients, compared to an incidence of 21.1 
percent in the placebo group. Reported 
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AEs were mostly mild to moderate and 
included pruritus, skin rash, and psoriasis 
exacerbation.51

Belumosudil (KD025). ROCK2 inhibition 
downregulates pro-in� ammatory T cell 
response. Belumosudil is a ROCK2 inhibitor 
that appears to be e�  cacious in patients 
with psoriasis vulgaris.52 In a Phase II study, 
38 patients with psoriasis vulgaris (BSA ≥ 
3%) were randomized to receive 200mg 
belumosudil BID, 400 mg belumosudil QD or 
400 mg belumosudil BID. Notably, at Week 
12, 71 percent, 42 percent, and 29 percent 
of patients achieved PASI 50 in the 200-mg 
BID, 400-mg QD, and 400-mg BID treatment 
groups, respectively, suggesting a potential 
clinical bene� t of using a lower dosage 
regimen. A time-dependent decrease of IL-17 
and IL-23 levels was observed in patients 
that responded clinically to belumosudil. 
After 12 weeks of belumosudil treatment, 
histological analysis of skin biopsy revealed a 
signi� cant decrease of epidermal thickness, 
K16 expression, and the T cell in� ltrate in 
both epidermis and dermis compartments. 
However, at Week 12, only 14.2 percent, 16.7 
percent, and 14.2 percent patients achieved 
PASI 75 in the 200-mg BID, 400-mg QD, and 
400-mg BID treatment groups, respectively, 
making belumosudil appear to be less 
robust than other oral treatments, such as 
methotrexate, JAK inhibitors, apremilast, 
and biologics. Safety data concluded that 
the medication appears to be generally well 
tolerated with only limited treatment related 
AEs and no SAEs reported.52

Ponesimod. Ponesimod inhibits 
sphingosine 1-phosphate receptor 1 
(S1PR1), therefore modulating lymphocyte 
recirculation. A dose-ranging, Phase II trial 
of ponesimod 20 or 40 mg QD demonstrated 
e�  cacy in patients with moderate to severe 
plaque psoriasis (BSA ≥ 10%).53 Overall, 
46.0 percent and 48.1 percent of patients in 
the 20- and 40-mg QD groups achieved PASI 
75 at Week 16, compared to 13.4 percent 
of placebo-treated patients (p<0.0001). 
At Week 28, the estimated probability of 
relapse was higher in patients switched to 
placebo compared to patients who continued 
ponesimod treatment.53

Heightened liver enzyme concentrations 
were observed in ponesimod-treated 
patients. Increased alanine aminotransferase 

concentrations occurred in 14.3 percent 
and 10.5 percent of the 20- and 40-mg 
ponesimod-treated patients, respectively, 
compared to 3.0 percent of the placebo-
treated patients. Increased aspartate 
aminotransferase concentrations occurred 
in 5.6 percent and 6.8 percent of the 20- 
and 40-mg ponesimod-treated patients, 
respectively, compared to 3.0 percent of the 
placebo-treated patients. Higher incidence 
of dyspnea was also observed in the 20-mg 
QD (11.1%) and 40-mg QD (26.3%) groups 
compared to the placebo group (1.5%). 
Moreover, dizziness was also more common 
in the 20-mg QD (5.6%) and 40-mg QD 
(4.5%) groups compared to the placebo 
group (1.5%).53 In addition, clinical data has 
shown a consistent dose-dependent heart 
rate reduction and changes in atrioventricular 
node conduction following � rst-dose 
administration of ponesimod.54 A gradual 
dose titration regimen was found to minimize 
the cardiac e� ects associated with initiation 
of ponesimod treatment.54

CONCLUSION
In this article, we reviewed the safety 

and e�  cacy of existing and emerging oral 
treatments for psoriasis. Apremilast, an 
FDA-approved treatment for psoriasis, has 
demonstrated e�  cacy and a relatively 
favorable safety pro� le. Notably, apremilast 
also appears to a� ect metabolic parameters 
in patients with psoriasis. Furthermore, the 
modulation of the JAK-STAT pathway via oral 
pharmaceuticals for the treatment of psoriasis 
is undergoing investigation. Tofacitinib has 
demonstrated non-inferiority to etanercept. 
Other JAK-STAT inhibitors, such as baricitinib, 
itacitinib, baricitinib, BMS-986165, PF-
06826647, � lgotinib and upadacitinib have 
also demonstrated e�  cacy in Phase II to III 
clinical trials. However, long-term safety is 
still being investigated. Finally, the targeting 
of pro-in� ammatory pathways through 
ROCK2, S1PR1 and adenosine A3 modulation 
is also currently in development.
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